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By L. J. Obery, R. W. Cubbison,  and IC. G. Mercer 

SUMMARY 

Methods of increasing the stable  subcritical range of a twin-duct 
double-ramg W e t  mounted on the- sides of a fuselage forebody were in- 
vestigated in the Lewi6 8- by 6-foot  supersonic wind tunnel. For oper- 
ation a t  a free-stream Mach  number  of 2.0 with the twin  ducts  separated 
by az1 internal  spli t ter   plate,  Fncreasing the length of  zero diffusion 
in the initial part of the subsonic diffuser from 1 t o  3 hydraulic diam- 
eters  increased the stable subcritical range from about 10 percent of 

longest l e w h  of zero diffusion. For c d i n e d  duct  operation (no 
s p l i t t e r   p a t e ) ,  bleeding the boundary h y e r  from the ramp increased  the 
inlet  stable range from 12 percent of c r i t i c a l  flow with the no-bleed 
inlet t o  24 percent w i t h  the ramp-bleed inlet. R e m v a l  of the rw 
boundary layer by a flush slot near the inlet throat increased the'stable 
range t o  about 18 percent of c r i t i ca l  flow, but also increased the dif- 

c r i t i c a l  mass-flow ra t io  with the shortest t o  about 15 percent with the 

fuser  totabpressure recovery  by more than & percent. Removal of the 
Wet side fair- resulted in a decrease in total-pressure recovery 
and maximum capture mass - f low r a t i o  without an appreciable  increase in 
the  stable range. 

2 

A t  approximately  engine-idle mass-flow requirements at a free-stream 
Mach nmiber  of 2.0, stable inlet operatian  could be obtained by increas- 
ing the second-raurp angle t o  30°. Stable  regulation  to l o w  mass-flow 
ratios at Mach rider 2.0 was not  possible with a second-ramp angle of Oo. 

Stable mass-flow regulation of az1 air-induct- system for  turbojet- 
powered a i rc raf t  must be provided f o r   a t  least two flight conditions. 
Firs t ,  durFng maneuvering the W e t  m y  experience a reauction in mass 

' flow of as much as 10 to 15 percent of design air f l o w .  Satisfactory 
operation fram aircraft   structure,  and 

I 

r 
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the  pilot  necessitates that the reduced mass flow be obtained  without 
flow pulsation. Furthermore, this cmditiaa must be satisfied without 
either  excessive loss  in pressure  recovery  or an apgreciable  increase 
in inlet  drag. Secondly, throt t le  closure- to   idle   set t ing at high flight 
speed, as could occur, for exmrple, in a dive ar 89 emergency, wuuld 
rest r ic t   the  inlet mass-flow r a t io   t o  much iower values. It is neces- 
s a r y  that the inlet system remain pulse-free during the time required 
to  decelerate  the  ahplane t o  low supe r san i . . qeee :  I+zcause aircraf t  
deceleration is- -the desired objective, the aatisfaction of thLs condi- 
tion inaposes no requirement on the loss of pressure .recovery or  the 
Fncrease i n  inlet  drag. - -r. 

Y .- 

. .. " 

01 . ( c  Ir 
- 

Methods of increasing  the  stable  subcritical range of annuLar nose 
inlets  (nacelle-type  installations 1 have been demmstrated  experiment-dly . - 

One technique is the additian of lengths of-netuly  constant-area  sections 
to   t he  initial portion of the subsonic  diffuser as reported, fo r  exqple,  
in references 1 and 2. Another method involve6 the removal of the  sepa- 
rated or  thickened boundary layer  result- fran interaction between the - 

inlet  terminal shock and the compressibn-surface boundam layer. Refer- 
ences 3 t o  5, for example, tgdicate. tlpt boundary-layer removal at or 
immediately a f t  of.-the compression surface.increased the inlet 8tabE 
aubcrit ical range. > -  

. .. . 
. .  

.. 
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The purposes of this 5nvestiga;tion were (1) t o  determine whether 
the  stable  subcritical range of a t w i n - d u c t  a i r -b take  system with two- 
dimensional ramp inlets could be increased by ueing the_ ~ame techniques 
already demonstrated on 8,nnuJ-ar nose inlets without grohibitively de- 
creasing  the  Wet, performance asd (2)  t o  provide stable  operation at 
very l o w  mass-flow ratios without r e p d   t o   i n l e t  performance. The in- 
vestigation was conducted i n  the L e w i s  8- by &foot supersonic wind 
tunnel over a range of mass-flow ratios and at Mach  numbers of 1.5, 1.8, 
and 2.0. 

b 

" 

The following symbols are used F n . t h i s  report: 

Dh 
L length of subsonic diffuser, 81.5 Ln. 
M Mach number 

mass-flow ratio, mass flow 
p o w i  



NACA RM E551126 - 3 

w 
u1 
Q, co 

Y 

~m3/mg)mex maximum capture mass-flow ra t io  of any W e t  

(m3/mg)- minimum value of stable mass-flow ra t io  of any inlet 

P total   pressure 

%/PO r a t i o  of half-amplitude total-pressure  fluctuation. t o  free- 
stream total pressure 

P 

v 
static  pressure 

velocity 

X distance frm cowl l ip ,  model station 36 

x angle of second rmp w i t h  respect  to free-stream direction 

P mass density of air 

Subscripts : 

X conditions at x-distance from cowl l i p  

0 free stream 

3 diffuser-exit survey statim, model station 100 

Pertinent areas : 

projected  frontal area of both inlets, 0.3646 sq ft 

A3 flow area at  diffuser discharge, 0.457 sq f t  

The model af the present  investigation is illustrated photograph- 
ically in figure 1 and schematically in figure 2. Shown in these f ig-  
ures are the twin double-ramg side Inlets mounted on the 1/4-scale 
fuselage forebody of a supersonic airplane. The ducts were geometrically 
sim,ilar and Joined into a commn duct at a model station correspondlng 
t o  the coanpressor face. 

Details of the model, Fncluding h t e r n a l  f l o w  stations and represent- 
ative model cross  sections, are shown in figure 2. The nose of the model 
was canted down at an angle of 5O, and the inlets were “ b e d  down at  an 
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angle of 3O with  respect t o  the fuselage  centerline. The 50 droop of 
the nose was intended t o  improve pilot  vision  the  prototype  rather 
than t o  influence flaw conditions fo r  maximum performance. 

Photographs and schematic drawings of the inLets are shown i n  fig- 
ure 3. The M e t  had a @ first -compression nmrp and an 18O second- 
carpression r w ;  the second ramp was also varied t o  Oo and 30'. The 
leading edge of t he   f i r s t  raq was positioned so that the resulting 
oblique shock was located Just ahead of the cowl l i p  at Mach  number 2.0. 
The f i r s t  ramp also acted as  a Sjoilzidary-layer spl i t ter   p la te  and com- 
pletely removed the fuselage boundary layer. 

Figure 3(a) shows profiles of the three stabilizing  sections de- 
signed t o  provide lengths of approximtely l, 2.3, or  3 hydraulic w- 
eters  of nearly  constant flow area i n  the initial portion of the sub- 
sonic  diffuser. A slight area expansion was allowed Fn the  longest  sec- 
tion for boundary-layer growth. During the investigation of the three 
stabilizing  sections,  the  ducts were separated by a spli t ter   plate,  which 
extended fram ststion 98.75 {fig. 2) past the choking exit. The sp l i t -  
t e r   p la te  was then removed t o  a l l o w  the twin ducts t o  operate as a unit. 
The details  of the ramp boundary-layer-ramal  apparatus are shown in 
figures 3(b 1, [c), and (e). Boundary-layer air was bled from the W e t  
into  the  fusehge and discharged t o  the f ree  stream. As with the M e t e  
of reference 6, no attempt was made t o  measure or  meter the  bleed air  
other  than  that  resulting frm choking at the  s lot  or the  perforations. 
The 3-hydraulic-diameter stabil izbg  section was used with the  flush-slot 
and perforated-ramg inlets.  

One of the configurations  investigated had the side fairings removed 
(fig. 3(d)). This inlet   a lso had a 3-hydraulic-diemeter  staboilizing 
section. Figures 3(f) and [g) show details of the 0' and 30 second-ramp 
inlets. The internal contour shown in figure 3(f 1 simulates the sub- 
sonic diffuser section & of the second ramp when the  asgle of the sec- 
ond ramp has been reduced t o  Oo. Although the second ramp in the  proto- 
type is mechanically  variable, all configuration changes were made on 
the model by removing and replaclng  appropriate contoured blocks. The 
effect of the  various  configurations on the area variation of the sub- 
sonic diffuaer is shown in figure 4. 

The pressure  fluctuations i n  the  ducts were meagured with a pi tot  
tube  located approximately 1/2 Fnch f r o m  the  duct wall. The tube m e  
placed just aft of that part of the duct p m n  t o  a l l  configuratians or 
about 30 inches from the first-ramj, leadin@; edge. 

The  model  FnStrumentat5.m was the same a$ that of reference 7 except 
that total-pressure raks i n  the inlet duct- at s t a t i m  40 and the 
boundary-layer total-pressure rakes were not used. No force measurements 
were msde during this investigation. Except for  the fuselage bowWry- 
Layer mass flow, the ccplrputational method6 were also the 8ame as those 
described in reference 7. 

L 
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The investigation was conducted at free-stream Mach n d e r s  of 2.0, 
0 

1.8, and 1.5, a t  a  fu&lage  angle of attack of % corresponding t o  an 
inlet  angle of attack of about Oo, and for a range of mass-flow ratios.  
The Mach number m d i a t e l y  ahead of the  inlet,  outside  the boundary 
layer, was essentially  constant  across  the inlet face at about the free- 
stream value. The Reynolds nuuiber  of the turrnel was approxfmately 
4 .3X1O6 per  foot of length. 

The results of the  present  investigation will be discussed in two 
parts: (1) Stabilization of a high-performanc6 Met  at relatively 
high mass-flow ratios will be considered. In t h i s  range, the methods of 
inlet  stabilization should not unduly penalize  the Wet performance 
either 3n total-pressure recovery or by increased Met  drag. (2) Methods 
of stable W e t  operation at e w e - i d l e  a i r - f l o w  requirements as would 
occur frcmthrott le  closure  at  supersonic  speeds will be discussed. For 
this operation, high inlet drag and/or l o w  total-pressure  recovery may 
actwl2.y be desirable  since  rapid  a-rrphne  deceleration ie required. 

Stabilization w i t h  High Performance 

It has been demonstrated (refs. 1 and 2) that inlet   stabil ization 
may be  acccmplished by providing some length of constant-area  section 
in the initial part of the subsonic dfffuser. The internal performance 
and stabil i ty  characterist ics at % = 2.0 of the left ducts of t h e e  
configurations with splitter  plate  are  presented in figure 5. The re- 
sults of t he   l e f t  ducts are presented  because  aifferent performances 
between the right and left ducts were noted for the Wet  w i t h  3- 
hydraulic-diameter  stcnbilizing  sections,  probably as 8 result of slight 
dimnsional  differences. As the length of constant-area  section was 
increased frm 1 t o  3 hydrsulic diameters, an Fncrease fn s tab i l i ty  of 
the order of 5 percent of c r i t i ca l  m s - f l o w  r a t i o  was realized  {fig. 
5{b) 1. The increase was accompanied b small changes ia c r i t i c a l  and 
peak total-pressure  recovery  (fig.  5(a 3 1. 

As shown in figure 6, removal of the sp l i t t e r   p la te  frcan the 3- 
hydraulic-diameter  stabilizing-section  configuration reduced the stable 
range frcm the single-duct value of about 15 percent of c r i t i c a l  mss- 
flow ra t io  t o  about 12  percent  for  the camb-lned-duct system. Although 
data are not  presented, the right-duct performance for the  configuration 
w i t h  sp l i t t e r   p la te  was nearly identical t o  the twin-duct  performance. 
Because of the different flows in the two ducts, the twin-duct  system 
was only as stable as  the least stable  duct. Removing the sp l i t t e r  
plate, however, had no appreciable  effect on the critical and peak total- 
pressure  recoveries. 
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The effect rn inlet   stable m&s-flow rain& .of "ing the boundary 
layer a t  or immediately aft of the second carpression  surface was Fnves- 
tigated in conjunctLon with the 3-hydraulic-diameter  zero-dirfusion Bet- 

t ion.  As shown i n  figure 7, bleeding  the boundary layer fran the r a q  
increased the stable regulation range from abou- 1 2  percent w i t h  the 
no-bleed inlet t o  about 24 percent with the perforated-ramp inlet, with 
no change in crit ical   total-pressure recovery and a reduction of only 1 
percent of the in le t  maxiwrm capture mass flow. Removal c 8  the boundary 
layer by means of a flush  slot  located  near the inlet  th roa t  increased 
the  inlet   stable  subcrit ical  range from 1 2  percent of c r i t i ca l  flow with 
the no-bleed i n l e t   t o  18 percent for the- flush-slot  inlet .  The mass-flow 
r a t io  was reduced about 4 percent,  but the diffuser  critical  total-pressur 
recovery was increaeed by 2- percent. The higher  recovery may have re- 
sulted from shock - boundary-hyer  interaction in the M e r  describe3 
Fn reference 8. Presumably, the terminal shock separated  the ramp 
boundary layer, thus effectively forming an added compression wedge and 
increasing  the  total-pressure  recovery through the lanibda portion of the 
inlet shock system. R e m o v a l  of the separated flow w a s  then  effected by 
the  flush slot before it could adversely  affect the subsonic diffusian. 

1 
2 

The boundary layer &long the side fairings I s  subjected to   the  same 
high-pressure gradient and interaction fram the inlet terminal shock as 
the ramp boundary U&?r. ' Therefore, it was surmised that the removal 
of the side  fairings,  thereby removing a source of bomdary-layer inter- 
actian, would increase the W e t  s tab i l i ty  range. However, at3 shown In 
figure 8, removal of the side fairings did not  increase  the stable oper- 
ating range appreciably. The crit ical   total-pressure recovery and maxi- 
mum capture mass-flow ra t io  were reduced, both on the order of 6 percent, 
as a result of flow spillage around the ramp sides with the  attendeat 
reduction fn supersonic compression. The maximum variation in total-  
pressure  recovery  across  the  diffuser exit face, w i t h  .or wlthout side 
fairings, was approximately 8 percent at cr i t ical   - le t  flow. 

Figure 9 presents schlieren photographs of the perfomted-raq 
inlet, showing its operation  progressively f r a  the supercritical range 
(fig.  S{a)) through the subcritical  imge (figs. 9(b) and IC>)  and into 
the low-mass-flow region (fig. S(d)).  A t  the minimum stable  point {fig. 
9(c)),  different mass flm Wcurred in the t w o  ducts, as indicated by 
the different displacements of the inlet temdnal shocks from the cowl 
l i p s .  In the low-mass-flow range,. a-e"-&uct operated supercritically, 
and reverse  flow  occurred in  the other. As sham in figure 9(d) the 
terminal shock fran the reverse-flow  duct s-epeated  the  fuselage boundary 
layer and formed aS oblique shock fa r  ahead of the inlet. No tendency 
was noted for the  oblique shock from the fuselage t o  oscillate fram one 
duct t o  t h e  other. -The  external shock pattern  for  the  supercrit ical  
inlet under these  conditions was stationaxy. 

c 
.. . 
" 
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t 
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PUlsFng is a r b i t r a r i l y  defhed herein as any total-pressure varia- 
1 

* 2 tion of half-ql i tude  greater   than i& percent of free-stream t o t a l  pres- 
sure. The half-amplitudes of tbe peak fluctuations  occurring i n  either 
duct are  presented-in  figure 10. The fairing of the curves in this  figure 
was not  arbitrary  but was guided by pressure  traces  taken  durbg slow 
transient  operation of the mass-flow control  plug. For the cmfigura- 
t ions  with spl i t ter   phke,  the auqlitude of pressure  fluctuations 
steadily  lncreased after pulsing began. A t  a given mass-flow r a t i o  in 

CII 

m 
cn the  pulaing  region, the amplitude of the pressure  fluctuation  lncreased 
CD as the length of constant-area  stabillzing  section was increased from 1 

t o  3 hydraulic diameters. For cambined duct  operation, at some low 
value of mass-flow ra t io  one of the duqts  operated  supercritically and 
the other carried l i t t l e  f l o w  (as shown in  the  schlieren  picture of 
ffg.  9(d) } . For the  perf orated-ramp M e t  at that condition (dry, -z 0.441, the msxirmun half-smglitude suddenly increased t o  about 
three times the mgnitude of the pulse that occurred when the ducts 
operated at nearly equal air flows. For the no-side-fairing  inlet, 
however, operation a t  mass flows below 0.42 cone duct  supercritical, 
reverse  flow in other) was accrunpanied  by a sudden decrease Fn the peak 
magnitude of fluctuation. Peak haU-aqlitudes for the-no-side-fairing 
inlet reached  values  greater than 39 percent of free-stream t o t a l  
pressure. . 

Ia the stable subcritical  region of the configurations with sp l i t -  
ter plate,  pressure  fluctuations of small amplitude were noted. DurFng 
pub-  operation  (poht A i n  fig. lo), the  pulse in both  ducts was quite 
regular, as shown in figure =(a). The separated  ducts  pulsed with a 
frequency of about 30 cycles  per second regardless of stabilizing  section 
length. Removal of the spl i t te r   p la te  caused the system t o  pulse in a 
much mre complicated, and at times slmost random, manner. Regardless of 
the particular  inlet  Configuration,  operation in the low-mass-flow region 
resulted in one duct  operating  supercritically and little or no flow in 
the other (as discussed  previously and shown in f ig .  9(d>) .  This type 
or" operation was characterized by a high-amplitude, low-frequency pulse 
in the supercritical  duct and very-low-anq?litude fluctuation in the 
reverse-flaw duct, as illustrated by figure l l{b)  corresponding t o  point 
B in figure 10. Frcm control-room observations and high-speed schlieren 
photography, it was noted that the oblique-shock configuration of the 
supercrit ical   inlet  did not fluctuate. The movement of the M e t  ter- 
minal shock therefore was confined t o  inside the duct. The no-side- 
fairing inlet at peak amplitude (fig . 10, point C 1 with approximately 
equal flow in both  ducts showed  hi@;h-an@litude, low-frequency pulsations 
combined w i t h  f l uc tmt ims  of considerably less amplitude but  higher 
frequency as shown in  figure ll(c). 

c 
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Iow-Mass -Flow Stabilization 

For  operation at inlet  mass flows corresponding t o  engine-idle  re- 
quirements, the air-inlet system must remah pulse-free  during  the time 
necessary to decelerate  to low supersonic  speeds. To obtain  the  required 
s tab i l i ty  in the low-mass-flow range, tim methods were investigated: 
F i r s t ,   shce  normal-shock W e t s   a r e  usually s tab le   to  the low-mass-flow 
range {ref. 9), the second-ramp angle was reduced t o  Oo. The M e t  de- 
viated frm the conventional normal-shock inlet in tha t  the Oo rang? was 
preceded by an expansioi  region  followhg the go first c q r e s s i o n  rauq. 
The second method was to   r e s t r i c t   t he  inlet throat area t o  a l l o w  only a 
specified amouzlt of flow to  enter the inlet .  For this particular inves- 
tigation,  the  desired throat area was obtained by increasing the secand- 
ramp angle t o  30~. 

In the following discussion it is assumed for   i l lustrat ive purposes 
that engine-idle air-flow requiremnts correspond  approximately to inlet 
mass-flow ratios of 40 percent. During the  reduction of the mss-flow 
r a t i o   t o  40 percent a t  MO = 2 .O (fig. 12(a)), the  air-intake system 
would  have  been subjected t o  pulsing with the 18O and the Oo second-ramp 
Fnlets. The 30° second-ramp inlet  lowered the  cr i t ical  mass flow t o  
approximately 0.58, and the stable range of the inlet  would allow pulse- 
free  operation  at  engine-idle  conditions. Had this stable range not 
been available, the angle of the second ramp could have  been increased 
t o  reduce the critical mass-flow r a t io  still further. 'Ilhe mFojmum mass- 
flow-ratio data points  presented for the 30' second-rmp in l e t   a t  all 
Mach  numbers  were determined by the limit of ms8-flOW control plug 
t ravel  and do not  repreeent the limit of stable regulatim. The 30' 
second ramp detached the shock wave from the lead- edge of the second 
ramp and reduced the critical total-pressure recovery t o  about 79 per- 
cent from the 86 percent obtahed with  the 3-hydraulic-diEuneter, 18O 
second-ramp inlet. The lnlet drag probably also increased; however, 
because the imnediate purpose for  t h r o t t l e  closure is ambe deceler- 
ation,  high  inlet drag and/or low total-pressure recovery may actually 
be desirable. 

A t  a free-stream Mach nuniber of 1.8 (fig. B(b )  1, the  stable range 
of the 18O secand-ramp M e t  was sti l l  FnsuFficient to allow pulse-free 
operation at 40 percent mass-flow ra t io .  Bowever, the mch greater 
stable range at % = 1.8 over that at  MO I 2.0 indfcatee that a ramp 
angle between l8O and 30° would have given the  required stable operation. 
A t  % = 1.5, the 18* second-- -met allowed pulse-free  operation t o  
40 percent mass-flow ratio; however, the range of stable  regulation lower 
than 40 percent was quite  limited. 

Reduction of the mass-flow ra t io  following throt t le   c losure  a t  a 
free-stream Mach number of 2.0 with the basic 18' second rarap muld have 
subjected  the Met system to pressure  fluctuatims of as much 88 11 

. 
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percent of the free-stream total   pressure ( fQ.  13(a)). Frau desi= 
considerations, pressure fluctuations of this order nay be detr imntal  
t o  the structure. When the second-ramp asgle was reduced t o  Oo no 
fluctuation-free  flow  could be obtained  either i n  the  supercritical or  
subcritical  region, although, as shown in figure 13 fa), the  auqlitude 
during part of the subcritical range was smsller than  that defined as 
pulsing. In the pulsing  region, the amplitude of the 'fluctuations first 
increased t o  a peak of approximtely 6 percent of the free-stream t o t a l  

* 

0 4  pressure and then decreased ahnost t o  the stable-pulsing boundary. The 
m pressure  fluctuations  noted for the 30' second-ramp inlet never  reached 
(0 the region deflned as pulsing, although  half-amplitudes as high as 2 per- 
UI 

cent of free-stream  total  pressure were recorded. 

The total-pressure distributions at the compressor face  reveal an 
additional problem for  aperation at low -8 flows where the flow may 
be forced through me duct anly. As a typical exsnq?le far the Oo 
second-rmg inlet &ing this type of operation (fig . 14(a] ) , there 
would be a total-pressure  variation of 35 percent  across the cmpressor 
face, which may be untenable from duct o r  ccqressor  structural  consid- 

N 
1 erations. The 30° second-ramp Wet  is also subject t o  the s f m e  type 
8 distribution; however, the total-pressure  aifference is considerably 

smaller, on the order of 5 percent  (fig. 14(b)). 
i. 

Schlieren photographs of the 30° second-ramp Fnlets are  shown in 
figure 15. A definite separation of the boundary layer ahead of the 
intersection of the first and second  ran^ of the 30° second-ramp W e t  
can be seen in figures 15(a] and (b] . There is an absence of a clearly 
defined normal shock in the subcrit ical  range (figs . 15(b) and LC) 1. 
The tendency of one duct t o  capture less m~bss flow than the other as 
operat ion progressed into the subcrit ical  range (result in the  pres- 
suTe distribution of f ig .  14{b ] ] is evident in f m e s  

An investfgaticaz. was conducted i n  the Lewis 8- by 6-foot  supersonic 
wind tunnel  to  explore methods of increashg the stable subcritical mass- 
flow range of a twin-duct double-mmg inlet munted on the sides of a 
fuselage  forebcdy at Mach nmhers frm 1.5 t o  2.0. Stable  operation was 
required  for two phases of inlet operation: (1) Limited stable sub- 
c r i t i ca l  range near c r i t i c a l  inlet mass-flow ra t io  was required without 
e x c e s s i v e  penalizing the u t  p e r f o m c e ,  and ( 2 )  pulse-free opera- 
t i on   t o  very low mass-flow ratios corresponding t o  engine-idle  air-flow 
requirements was desired without regard t o  inlet total-pressure  recovery 
andlor Fncreased inlet drag. The air-induction system was investigated 

the t w i n  ducts act- as a unit. The following results were obtained: 
L w i t h  the ducts completely separated by a sp l i t t e r   p la te  and also with 
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1. For single-duct  operation,  increashg  the lengbh of zero dir- 
fusiowin the initial p&-af  the subsonic diffuser from 1 t o  3 hydraulic 
diameters increased the inlet stable subcrit ical  range  approximately from . 
10 perceht of critical mass-flow r a t io  with the  shortest to 15 percent 
with the longeat  zero-diffusion  section. 

.I 

2. For combined duct  operat ion, bleeding  'the boundary layer fram 
the campression ramp increased  the rmge of stable flow regulation from 
12 percent of c r i t i c a l  mss-flow r a t io  f o r  the no-bleed M e t  t o  24 per- 
cent  with  the  perfarated-ramp in le t .  Removal of the boundmy layer by 
a f lush  s lot  near the W e t  throat resuL6ed in a smaller increase in 
stable mass-flow range, but  increased the cri t ical   total-pressure re- 
covery by about % percent. 1 

2 

3. Removal  of the in le t  side fairings did not change the stable 
range appreciably  but did lower the  cri t ical   total-pressure recovery and 
the maximum capture mass-flow ra t io .  ... 

- I_ 

4. At a Mach nuniber of 2 .O, stable inlet operation t o  mass-flow 
ratios of 40 percent (assumed engine-idle  air-flow requirements) could 
be obtained by increaaing  the second-ramp angle to 30° t o   r e s t r i c t  the 
M e t  flow area. . . . .  . . . . .  , - . .  ...... I . 

5. Stable  regalation to engine-idle air  flows at a Mach number of 
2.0 was not possihle with a second-ranq angle of 0' (6.lrmllR.ted a normal- 
shock inlet . . . .  . .  - .. 

. .  
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Figure 1. - Photogrsph of model. 
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(a) Variations to  subeonic dufuser.  (b) Flush-slot  inlet. 

(c) Perforated-ramp inlet. . . "_ - - .: (a) Inlet without side fairings. 

1.22 

3=L w 
0 

0.12 

T . 1 2  
(e )  Details of perforated ramp. 

I 3 9 G  
Figure 3. - Inlet details. (All dimen~l~n~ in inches. ) 
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c 

. . "- **-. .. - ." 
( 2 )  zero secand-ramp "t,. 

. .  . " . 

c-36993 

(m) 3op Second-ramp w e t .  

Figure 3. - Concluded. Inlet dekils. ( A l l  dimensions in inches.) 
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m aJ 
B 4  
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Mass-flow rat io ,  mg/% 

(a) Over-aU performance. 

.20 

.10 

n 
U 

Length of inlet   constant are&, % 
J 

(a) Stabi l i ty   character is t ics .  

Figure 5. - Effect of inlet canstant area sections on per- 
formance characterist ics of configuration with internal 
sp l i t t e r   p la te ;  free-stream Mach number, 2.0. 
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Duct  configuration 

0 With  splitter  plate 
0 Without  splitter 

plate "- Unstable range 

.60 .70 .80 
Mass-flow  ratio,  m3/mg 

.90 

Figure 6. - Ef?ect of splitter  plate  on 
inlet  performance for configuration 
with 3-hydraulic-diameter  zero-diffusion 
eectioni  free-stream  Mach  number, 2.0. 

. 
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.60 .70 .80 .90 
Mass-flow ratio, m3/mg 

Figure 7. - Effect of boundary-layer control on 
inlet performance3 free-stream Mach number, 2.0. 
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.90 

.80 

7n 

Inlet configurations 

With side fairings 
Without side fairings 
Unstable  range 

c 

.70 .80 .90 
Mass-flow ratia, m3/m0 

Figure 8. - Effect  of  side f a i r i n g  on 
i n l e t  performance; configuration with 
3-bydraulic-.diameter zero-diffusion 
section; free-stream Mach number, 2.0. 
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(a) 14ase-flow r a t i o  mduy,, 0.88; 
total-pressure r a t i o  P3/Po, 0.76. 

(b) Msss-flow r a t i o  n ; 3 / m g J  0.832; 
total-pressure r a t i o  P ~ / P o ,  0.838. 

Figure 9. - Schlieren photographs of perforated-ramp inlet a t  Mach number 2.0. - 
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. . . ". 

.1 . 2  .3 .4  .5 .6 .7 .8 .9 
ms-flum ratio, ra,Jng 

" 

Figure 10. - MaxinRup total-pressure fluctuation for various inlet conflgurationsJ free-atream 
MBch number, 2.0. 
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(a) Free-stream Mach number, 2 . 0 .  

(b) Free-stream  Mach number, l . . B .  

. 20 .30 . . . ""da. ." . .. .50 .a .m . . .80 .90 1. Q1 
hse-flaw ratio, s/po 

(c) Free-etream Mach number, 1.5. 

F i g u r e  12. - Effect of second-ramp angle on inlet perfomance. 
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.12 

.08 

.a 

0 

. PP (a) Ree-atream Mach number, 2.0. 

i: (b) Free-stream Mach number, 1.8. 

. 
(c) Free-stream Mach number, 1.5. 

F-e U. - Maximum total-pres- fluctuation for various inlet wnflgurations. 



F l m  14. - Total-Pramaura distribution a t  C a o r e s ~ G r  Pmei fne-stretu Rnch'nwhlr ,  1.0.  

' , *  

. . . . . . . . .. . 

I 

I I  . . .  : I  
+ 

6 9 s  
. . .  - . .. . . . 



. . . . . . . . . . . . 

I . 
. . . . . . . . . . . . . . . . . . . . . . . . . . 

I 6 

2 
6 

" 

Zlgure 15. - Schieren photographa of 300 s e a d - r a m p  inlet a t  &ch number 2.0. 
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